
J
Europaisches Patentamt

European Patent Office

Office europ^en des brevets
© Publication number: 0 437100 B1

EUROPEAN PATENT SPECIFICATION

© Date of publication of patent specification: 13.12.95 © Int. CIA C12N 9/10, C12N 9/22,

C12N 15/54, C12N 15/55
© Application number: 90314311.3

© Date of filing: 27.12.90

The file contains technical information submitted

after the application was filed and not included in

this specification

© Sfil restriction endonuclease and methylase genes and Method for their cloning.

© Priority: 11.01.90 US 465904 restriction and modification genes"

© Date of publication of application: METHODS ON ENZYMOLOGY, vol. 155, part F,

17.07.91 Bulletin 91/29 1987, pages 15-21, San Diego, CA, US; B.Q.

© Publication of the grant of the patent:

QIANG et al.: "Not! and Sfil: Restriction En-

donucleases with Octanucleotide Recogni-

13/12.95 Bulletin 95/50 tion Sequences"

® Designated Contracting States: © Proprietor: NEW ENGLAND BIOLABS, INC.

DE FR GB 32, Tozer Road
Beverly

© References cited: Massachusetts 01915 (US)

EP-A- 0 193 413

© Inventor: Vancott, Elizabeth Merrill

GENE, vol. 74, 1988, pages 281-289, Amster- 10, Summer Street

dam, NU G.G. WILSON: "Cloned restriction- Maiden,

modification systems - a review" Massachusetts 02148 (US)

BIOTECHNOLOGY ABSTRACTS DATABANK,

© Representative: Davies, Jonathan Mark et alabstract no. 84-07995, 1984; B.O.OIANG et al.:

"A type II restriction endonuclease with an Reddle & Grose

eight nucleotide specificity from strep- 16 Theobalds Road
tomyces fimbriatus - isolation, characteriza- London WC1X 8PL (GB)

tion and cleavage site"

GENE, vol. 74, 1988, pages 25-32, Amster-

dam, NL; K.D. LUNNEN et al.: "Cloning type-ll

CD

CO

Note: Within nine months from the publication of the mention of the grant of the European patent, any person® may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition

Q. shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee

Ul has been paid (Art. 99(1) European patent convention).

Rank Xerox (UK) Business Services

(3.10/3.09/3.3.3)



1 EP0 437 100 B1 2

Description

BACKGROUND OF THE INVENTION

The present invention relates to recombinant

DNA which encodes the Sfil restriction en-

donuclease and modification methylase, and the

production of these enzymes from the recombinant

DNA.

Restriction endonucleases are a class of en-

zymes that occur naturally in bacteria. When they

are purified away from other contaminating bac-

terial components, restriction endonucleases can

be used in the laboratory to break DNA molecules

into precise fragments. This property enables DNA
molecules to be uniquely identified and to be frac-

tioned into their constituent genes. Restriction en-

donucleases have proved to be indispensable tools

in modern genetic research. They are the bio-

chemical 'scissors' by means of which genetic

engineering and analysis is performed.

Restriction endonucleases act by recognizing

and binding to particular sequences of nucleotides

(the 'recognition sequence') along the DNA mol-

ecule. Once bound, they cleave the molecule with-

in, or to one side of, the recognition sequence.

Different restriction endonucleases have affinity for

different recognition sequences. More than one

hundred different restriction endonucleases have

been identified among the many hundreds of bac-

terial species that have been examined to date.

Bacteria tend to possess at most only a small

number restriction endonucleases per species. The

endonucleases typically are named according to

the bacteria from which they are derived. Thus, the

species Haemophilus aegyptius , for example syn-

thesizes 3 different restriction endonucleases,

named Hael, Haell and Haelll. Those enzymes

recognize and cleave the sequences (AT)GGCC-

(AT), PuGCGCPy and GGCC, respectively. Es-

cherichia coli RY13, on the other hand, synthesizes

only one enzyme, EcoRI, which recognizes the

sequence GAATTC.

While not wishing to be bound by theory, it is

thought that in nature, restriction endonucleases

play a protective role in the welfare of the bacterial

cell. They enable bacteria to resist infection by

foreign DNA molecules like viruses and plasmids

that would otherwise destroy or parasitize them.

They impart resistance by scanning the lengths of

the infecting DNA molecule and cleaving them

each time that the recognition sequence occurs.

The breakup that takes place disables many of the

infecting foreign DNA and renders that DNA sus-

ceptible to further degradation by non-specific en-

donucleases.

A second component of bacterial protective

systems are the modification methylases. These

enzymes are complementary to restriction en-

donucleases and they provide the means by which

bacteria are able to protect their own DNA and

distinguish it from foreign, infecting DNA. Modifica-

5 tion methylases recognize and bind to the same

nucleotide recognition sequence as the corre-

sponding restriction endonuclease, but instead of

breaking the DNA, they chemically modify one or

other of the nucleotides within the sequence by the

70 addition of a methyl group. Following methylation,

the recognition sequence is no longer bound or

cleaved by the restriction endonuclease. The DNA
of a bacterial cell is always fully modified, by virtue

of the activity of its modification methylase, and it

75 is therefore completely insensitive to the presence

of the endogenous restriction endonuclease. It is

only unmodified, and therefore identifiably foreign,

DNA that is sensitive to restriction endonuclease

recognition and attack. Together, the restriction en-

20 donuclease and modification methylase make up

what is commonly referred to as the restriction-

modification system ("R-M system").

With the advent of genetic engineering technol-

ogy, it is now possible to clone genes and to

25 produce the proteins and enzymes that they en-

code in greater quantities than are obtainable by

conventional purification techniques. The key to

isolating clones of restriction endonuclease genes

is to develop a simple and reliable method to

30 identify such clones within complex 'libraries', i.e.,

populations of clones derived by 'shotgun' proce-

dures, when they occur at frequencies as low as

10~3 to 10~4
. Preferably, the method should be

selective, such that the unwanted, majority, of

35 clones are destroyed while the desirable rare,

clones survive.

Type II R-M systems are being cloned with

increasing frequency. The first cloned systems

used bacteriophage infection as a means of iden-

40 tifying or selecting restriction endonuclease clones

(EcoRII: Kosykh et al., Molec. gen. Genet 178: 717-

719, (1980); Hhall: Mann et al., Gene 3: 97-112,

(1978); Pstl: Walder et al., Proc. Nat. Acad. Sci. 78

1503-1507, (1981)). Since the presence of R-M

45 systems in bacteria enable them to resist infection

by bacteriophages, transformed host cells that car-

ry cloned R-M genes can, in principle, be selec-

tively isolated as survivors from libraries that have

been exposed to phage. This method has been

so found, however, to have only limited value. Specifi-

cally, it has been found that cloned R-M genes do

not always manifest sufficient phage resistance to

confer selective survival.

Another cloning approach involves transferring

55 systems initially characterized as plasmid-borne

into E. coli cloning plasmids (EcoRV: Bougueleret

et al., Nucl. Acid. res. 12: 3659-3676, (1984);

PaeR7: Gingeras and Brooks, Proc. Natl. Acad. Sci.
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USA 80: 402-406, (1983); Theriault and Roy, Gene

19: 355-359 (1982); Pvull: Blumenthal et al., J.

Bacterid. 164: 501-509, (1985)).

A third approach, and one that is being used to

clone a growing number of systems involves clon-

ing by selection for an active methylase gene (See,

e.g. EPO No. 193,413 published September 3,

1986 and BsuRI: Kiss et al., Nucl. Acid. Res. 13:

6403-6421, (1985)). Briefly, methylase selection

comprises screening for methylase clones by ex-

posing DNA from transformed hosts with the cor-

responding restriction endonuclease. Survival in-

dicates the presence of the methylase gene, pre-

sumably because the DNA of the host is modified

and insensitive to attack by the restriction en-

donuclease. Since restriction and modification

genes are often closely linked, both genes can

often be cloned simultaneously. Methylase selec-

tion, however, does not always yield a complete

restriction system however, but instead yields only

the methylase gene (See, e.g., BspRI: Szomolanyli

et al., Gene 10: 219-225, (1980); Ben I: Janulaitis et

al, Gene 20: 197-204 (1982); Bsu Rl: Kiss and

Baldauf, Gene 21: 111-119, (1983); and Msp I:

Walder et al., J. Biol. Chem. 258: 1235-1241,

(1983)), See also Wilson, Gene 74: 281-289,

(1988); Slatko, et al., Gene 74: 45-50, (1988); Lun-

nen, et al., Gene 74: 25-32, (1988); VanCott, et al.,

Gene 74: 55-59, (1988).

There are, a number of possible explanations

for such failures, and a variety of potential ob-

stacles which the genetic engineer faces even in

the methylase selection approach. In some sys-

tems, the cloning problem may lie in trying to

introduce the endonuclease gene into a host not

already protected by modification. If the methylase

gene and endonuclease genes are introduced on a

common DNA fragment, the methylase gene must

modify or protect the host before the endonuclease

gene cleaves the host's genome.

Another obstacle to cloning these systems in

E. coji was discovered in the process of cloning

diverse methylases. For example, many E. coji

strains (including those normally used in cloning)

have systems that resist the introduction of DNA
containing methylation. (See, Raleigh and Wilson,

Proc. Natl. Acad. Sci. t USA 83: 9070-9074, (1986)).

Therefore, it is also necessary to carefully consider

which E. coji strain(s) to use for cloning.

Because highly purified restriction en-

donucleases, and to a lesser extent, modification

methylases, are useful tools for characterizing and

rearranging DNA in the laboratory, there is a com-

mercial incentive to obtain strains of bacteria

through recombinant DNA techniques that synthe-

size these enzymes in abundance. Such strains

would be useful because they would simplify the

task of purification as well as providing the means

for production in commercially useful amounts.

SUMMARY OF THE INVENTION

5 In accordance with the present invention, there

is provided recombinant DNA which encodes the

Sfil restriction endonuclease and modification

methylase obtainable from Streptomyces fimbriatus

(ATCC 15051) and related methods for cloning said

jo recombinant DNA. The present invention also re-

lates to vectors and transformed host cells which

contain said recombinant DNA, and to methods for

producing said enzymes.

Sfil restriction endonuclease is an enzyme

75 which recognizes the DNA sequence 5*-

GGCCNNNNNGGCC-3* and cleaves between the

N4 and N5 nucleotides, leaving a three-base 3*

overhang. See, Qiang, B.-Q. and Schildkraut, I.

(1984) Nucleic Acids Res. 12, 4507-4515, the dis-

20 closure of which is hereby incorporated by refer-

ence.

The preferred method for cloning the Sfil R-M
system comprises constructing an appropriate vec-

tor for library construction, forming a Bell librarie

25 containing the DNA from S. fimbriatus , isolating

clones which contain DNA coding for the Sfil modi-

fication methylase, isolating the chromosomal DNA
adjacent to the Sfil modification methylase gene,

and screening all the DNA containing the

30 methylase gene for DNA coding for the Sfil restric-

tion endonuclease. Selection for the Sfil restriction

endonuclease is preferably performed by screening

for clones containing DNA encoding the amino

terminus of the endonuclease, which is preferably

35 accomplished by purifying the Sfil endonuclease

from S. fimbriatus , sequencing the the amino acid

residues of the amino terminus, constructing a

DNA oligomer corresponding to the amino acid

sequence obtained, and screening for clones which

40 hybridize to the DNA oligomer.

Sfil methylase and restriction endonuclease

produced in accordance with the present invention

is substantially pure and free of the contaminants

normally found in restriction endonuclease prepara-

45 tions made by conventional techniques, such as

that disclosed by Qiang and Schildkraut, supra .

BRIEF DESCRIPTION OF DRAWINGS

so Figures 1A and 1B depict the scheme for clon-

ing and producing the Sfil restriction endonuclease.

Figure 1A illustrates the procedure employed

for determining the preferred method for cloning

and producing the Sfil restriction endonuclease.

55 Figure 1B illustrates the preferred method for

cloning and producing the Sfil restriction en-

donuclease based on actual results presented in

Figure 1A. At the onset of the cloning project, it
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was not known which endonucleases or conditions

would be successful in cloning the Sfil R-M sys-

tem, nor where the restriction and modification

genes were located within such clones. The cloning

results and subsequent DNA sequencing, mapping,

and characterization of the clones described in

Figure 1A and Example 1 reveal the previously

unknown direct pathway for cloning and expressing

the Sfil R-M system.

Figure 2 is a map of the 4.9 kb cloning vector,

pEV328-8-6.

Figure 3 is a restriction map of the original 3.9

kb Bell insert that encodes the Sfil methylase and

endonuclease.

Figure 4 is a restriction map of the entire

approximately 23 kb of the Streptomyces fim-

briatus DNA that has been cloned.

Figure 5 is a photograph of an agarose gel

illustrating Sfil modification methylase activity ob-

tained from the cell extract of pEV123RM 612-16.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides the first suc-

cessful cloning of an R-M system recognizing an 8-

base nucleotide sequence. Previously cloned sys-

tems are 4 or 6 base systems. Sfil restriction

endonuclease is a particularly useful enzyme, be-

cause the Sfil recognition sequence occurs rela-

tively infrequently in genomes, especially in AT-

rich genomes such as human chromosomes. Spe-

cifically, Sfil sites are believed to occur only about

once every 200,000 base pairs in human DNA. As

a result, recombinant Sfil restriction endonuclease

produced in accordance with the present invention

will have particular utility in mapping the human
genome.

The cloning of the Sfil R-M genes from S.

fimbriatus into E. coji proved to be unusually dif-

ficult for a number of reasons. Unlike other pre-

viously cloned R-M systems, it has been found that

Sfil endonuclease and methylase genes do not

express well in E. coli. It is believed that the

promoter endogenous to the Sfil methylase gene is

not recognized by E. coli transcription factors. In

addition, E. coli translation factors may not interact

well with the Sfil R-M system.

Moreover, a number of modifications and vari-

ations of the methylase selection procedure de-

scribed in the above-referenced EPO Publication

No. 193,413 were required for the successful clon-

ing of the Sfil R-M system. As discussed below, it

was determined that methylase selection failed to

produce methylase clones except when the

methylase gene was cloned on a small enough

DNA fragment such that the initiation codon of the

methylase gene was close enough to and aligned

with a promoter on the cloning vector. In such

cases, the methylase gene is expressed and the

clone is able to survive methylase selection, i.e, the

identification of methylase clones by their ability to

resist and survive Sfil digestion. In order to sucess-

5 fully clone the Sfil R-M system, a total of sixteen

different restriction endonucleases were used to

construct 54 libraries. Endonucleases recognizing

AT-rich sequences such as Hindlll, EcoRI, Xbal

and Nsil were found to cleave Sfil chromosomal

to DNA inefficiently. After successful cloning with Bell,

the Southern blot data described in Example I

showed that endonucleases recognizing AT rich

sequences produced fragments to large for effi-

cient cloning.

75 Transformation of hosts cells at a number of

different temperatures was also required as early

attempts at methylase selection in cloning the Sfil

R-M system were unsuccesful. For example,

growth at 30 # C was used for some of the pUCl9-

20 based libraries, because pUC19 derivatives tend to

be unstable at higher temperatures. The optimum

temperature for growth of one preferred host,

E.coli , is 37 °C. However, since early attempts

were unsuccessful, growth of E.coli at 42 *C was

25 tried. It was thought that since the optimum tem-

perature for Sfil restriction endonuclease is 50 'C,

it might be similarly so for the methylase. Although,

the first methylase clone was obtained at 42 *C,

after successful cloning of the Sfil R-M system, it

30 was determined that the optimum temperature for

in vivo methylse activity in E.coli is 37 * C, while the

in vitro optimum temperature is 40 0
C.

Five different vectors were constructed in at-

tempts to clone the Sfil R-M system. Specifically,

35 two pBR322 derivatives, two pUC19 derivatives,

and one pBR328 derivative were constructed. The

pBR328 vector (described in more detail below)

yielded the only active Sfil methylase clone. It is

believed that cloning with pBR328 was successful

40 because it has a higher copy number than the

stable plasmid pBR322 and greater stability than

very high copy number plasmid pUC19, especially

at higher temperatures, i.e. greater than about

36 # C. Using high-copy number plasmids increases

45 the number of copies of the targeted recombinant

DNA and thus increases methylation of the DNA.

However, as noted above, the higher the copy

number, the greater the instability of vectors such

as pUC19, especially at high temperatures. For the

50 Sfil R-M system, pBR328, with certain modifica-

tions, proved to have the right balance. Specifically,

as discussed below, modification of pBR328 com-

prised insertion of Sfil sites at locations designed

to maximize efficiency of methylase selection by

55 separating that plasmid's antibiotic resistance

genes from the plasmid origin of replication.

In order to improve the methylase selection

step for cloning the Sfil R-M system, ail plasmids
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of a size equal to or smaller than the cloning vector

were removed from the last group of prepared

libraries. Elimination of plasmids lacking an insert-

ed DNA fragment reduced the overall number of

non-methylase clone survivors, thereby improving

the chance of finding the methylase clone.

Several different post-methylase selection

treatments were also performed to enhance de-

struction of non-methylase clones. Calf-intestinal

phosphatase and bacterial alkaline phosphatase

were used to remove the 5' phosphate from Sfil-

cleaved DNA. Exonuclease III and Bal-31 nuclease

were used to remove entire nucleotides from Sfil-

cleaved DNA. These treatments render Sfil-cleaved

(non-methylase) plasmids less likely to religate and

survive.

Two host cell strains (E.coli RRI and K802)

were used in the event that transformation by a

Sfil-methylase containing plasmid was lethal to one

or the other. RR1 proved to be the preferred host

cell for cloning the Sfil R-M system.

The above-described variations to the referen-

ced EPO Publication 193,413 were used in a vari-

ety of combinations to construct and screen a total

of 54 libraries from sixteen different library forming

restriction endonucleases. As discussed below,

only one of these libraries, the Bell library in

pEV328-8-6 yielded a methylase clone.

After the methylase gene and DNA on both

sides of the gene had been cloned and analyzed, it

became possible to postulate the reasons why the

majority of libraries constructed had failed to yield

an Sfil R-M clone. While not wishing to be bound

by theory, it is believed that the library forming

endonucleases such as Bglll, Kpnl, Pstl, Sacl, Sail,

Sphl, and Xhol cut too far upstream of the

methylase gene for the plasmid promoter to exert

control over the methylase gene. Thus, since Sfil

methylase does not express without plasmid pro-

moter control, clones from these libraries could not

survive methylase selection. Moreover, it was de-

termined that Bglll and Sacl also cleaved within the

methylase gene, further reducing the probability of

obtaining an active methylase.

Two other cloning endonucleases (BamHI,

Xmal) yielded a fragment containing the methylase

gene that could be expressed by the plasmid pro-

moter, but the fragment was too large (20 kb) to be

efficiently cloned. Large fragments are generally

much less likely to ligate into the cloning vector.

(NOTE: See Example 1, step 16: after the Sfil

methylase was cloned and characterized, the 20 kb

BamHI fragment was successfully isolated using a

gel-purified enriched library).

The remaining six cloning endonucleases

(HinPI, Hpal, Narl, Sau3AI, Taql, Xhol (BstYl)) cut

the Sfi chromosome into pieces too small to carry

the desired methylase gene. Libraries were there-

100 B1 8

fore constructed from partial digests of the chro-

mosome, but no Sfil methylase clones were ob-

tained. As discussed above and in more detail in

Example 1, steps 17-18, it is believed that the

5 partial digests did not yield fragments carrying the

5*-end of the Sfil methylase DNA close to one end

of the fragment. As such no plasmids could survive

methylase selection.

Once the Sfil R-M clone had been obtained,

70 expression of the endonuclease was found to be

even less efficient for the Sfil endonuclease gene.

Methylase clones from many other R-M systems

can be screened for restriction endonuclease activ-

ity with in vitro assays. Ordinarily, if the restriction

75 gene is present in vitro restriction endonuclease

activity should be detected.

In contrast, endonuclease activity was not de-

tected by in vitro assays described in the above-

referenced EPO Publication 193,413 for the Sfil

20 methylase clones. Nor did phosphocellulose col-

umn concentration of crude extracts improve this

negative result. The lack of restriction activity ini-

tially indicated that either the restriction gene was

not linked to the methylase gene, or it was linked

25 but not cloned intact with the methylase gene, or it

was cloned intact but not expressed.

In order to determine which of the above three

possibilities was the true situation, the cloned Sfil

fragment was restriction-mapped and subjected to

30 deletion analysis to determine where the methylase

gene lay within the cloned fragment. The informa-

tion thus obtained was then used to determine

whether there was enough DNA on either side of

the methylase gene to encode an intact en-

35 donuclease restriction gene, if the two genes were

linked.

In the Bell clone, it was found that there was

possibly sufficient room on the right side (approxi-

mately 2 kb), but the 0.6 kb on the left side was

40 judged not enough room to encode a gene. Thus,

attempts to clone more DNA were undertaken, ex-

ploring the possibility that the lack of restriction

endonuclease activity was due to the restriction

gene being not present in its entirety. Specifically,

45 a portion of the methylase gene was used to probe

digests of the Sfil chromosome to generate a

genomic map of the region extending beyond the

boundaries of the cloned methylase DNA. This data

identified certain endonucleases that cleave the R-

50 M region into individual fragments that carry the

methylase gene as well as larger amounts of adja-

cent DNA. The exact sizes of the fragments gen-

erated by such endonucleases were also obtained

from this data. It was presumed that if the restric-

55 tion and modification genes were linked, such frag-

ments would also encode the restriction gene. The

fragments were then cloned, until at least 3-4 kb

DNA on each side of the methylase gene had been

5
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cloned. It was found that fragments carrying the

methylase gene with the 5' end of the methylase

gene close to one end of the fragment and addi-

tional DNA downstream from the 3
T end of the

methylase gene could express the methylase when

ligated into a cloning vector in line with a vector

promoter. Such fragments could therefore be iso-

lated by methylase selection. It was also found that

fragments carrying the methylase gene with addi-

tional DNA upstream from the 5' end of the

methylase gene could not express the methylase

when ligated into a cloning vector. It is believed

that these fragments could not express the

methylase because the vector promoter was too far

from the methylase gene to promote expression,

and indeed, the fragments could not be isolated by

methylase selection. Instead, these were isolated

by Grunstein blots, a procedure which identified

individual plasmids that had DNA sequences iden-

tical to DNA sequences in the Bell clone.

Once at least 3-4 kb on each side of the

methylase gene had been cloned among four dif-

ferent methylase-gene containing clones, it was

presumed that if the methylase and restriction gene

were linked, then the restriction gene was present

in at least one of the four different methylase

clones. The clones were each assayed for Sfil

restriction endonuclease activity. Since no activity

was detected, it was presumed that either the re-

striction gene was not linked to the Sfil methylase

gene, or it was linked and present among the

methylase clones but not expressing.

Exploring the possibility that the restriction

gene was present among the methylase clones but

not expressing, further attempts were undertaken to

screen the Sfil methylase clones for the presence

of the Sfil restriction endonuclease genes. It was

necessary to make an ultra-pure preparation of the

Sfil endonuclease from the S. fimbriatus and to

determine the amino acid sequence of the amino

terminus of the endonuclease protein. A DNA
oligomer was then synthesized which correspond

to the endonuclease amino acid sequence. The

methylase clones were then screened for hybrid-

ization to the DNA oligomer. In this manner, the

restriction gene was found to be present in two of

the four different methylase clones. Thus, even

though present in the clones, the restriction gene

was not expressed in E. coli.

DNA sequencing and detailed mapping data of

clones containing the Sfil endonuclease gene was

obtained to devise methods for increasing the level

of expression of the restriction endonuclease gene.

The method described herein by which the Sfil

R-M system is preferably cloned and expressed is

illustrated in Figures 1A and 1B and includes the

following steps:

\7 100 B1 10

1 . The DNA S. fimbriatus is purified using known

methods.

2. The DNA is digested completely and partially

with a restriction endonuclease such as Bell

5 which cleaves the entire Sfil methylase gene

into a fragment(s) which carries the 5' end of the

gene at or near one end of the fragment(s). The

fragment(s) should preferably be about 1.5-13

kb.

io 3. Cloning vectors containing Sfil sites are con-

structed derived from pUC19, pBR322 and

pBR328. pBR328 derivative is the preferred vec-

tor. pEV328-8-6 is the most preferred vector and

its construction is described in step 3 of Exam-

75 pie 1

.

4. The digested DNAs from step 2 are ligated to

the cloning vector of step 3. The resulting mix-

tures are used to transform an appropriate host,

preferably E. coli strain RR1 or K802 cells

20 (ATCC 31343 and ATCC 33526, respectively).

RR1 is the most preferred host cell.

5. The DNA/cell mixtures are plated on antibiotic

media selective for transformed cells, such as

media containing ampicillin or chloramphenicol.

25 After incubation, the transformed cell colonies

are pooled to form the primary cell libraries.

6. The recombinant plasmids are purified in toto

from the primary cell libraries to make primary

plasmid libraries.

30 7. In order to reduce the number of non-recom-

binant plasmids, the libraries are preferably

electrophoresed in an agarose gel and only

those plasmids greater in size than the cloning

vector itself are selected for further analysis.

35 8. The gel-purified plasmid libraries are then

digested to completion in vitro with the Sfil

restriction endonuclease, which is prepared from

S. fimbriatus cells. Sfil restriction endonuclease

digestion causes the selective destruction of un-

40 modified, non-methylase-containing clones, re-

sulting in an increase in the relative frequency of

Sfil methylase-carrying clones. Exonuclease

and/or phosphatase may also be added to the

digestion to enhance the destruction of non-

45 methylase clones.

9. Identification of Sfil methylase clones: The

digested plasmid library DNAs are transformed

back into an appropriate host such as E. coli

strain RR1 or K802, and transformed colonies

50 are again obtained by plating on antibiotic

plates. The colonies are picked and their DNA is

analyzed for the presence of the Sfil modifica-

tion gene in the following manner: Plasmid DNA
is purified and incubated in vitro with Sfil restric-

55 tion endonuclease to confirm resistance to di-

gestion by Sfil. The plasmid DNA should be

completely or substantially resistant to digestion.

6
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As noted above, using the procedure de-

scribed in the above-referenced EPO publication

193,413, the total cellular DNA (chromosomal

and plasmid) of the clone would also be purified

and incubated with Sfil restriction endonuclease 5

at this point in the procedure. However, the E
coli chromosome contains too few Sfil sites for

cleavage to be detected on ordinary agarose

gels. Instead, further proof that the Sfil

methylase gene has been cloned requires delet- 10

ing the insert and analyzing the remaining vec-

tor for presence of intact Sfil sites, and assaying

crude cell extracts from the clones for in vitro

Sfil methylase activity, as described below in

Example 1 , step 11. 75

10. After it has been confirmed that the

methylase gene has been cloned, clones are

assayed for Sfil restriction endonuclease activ-

ity. If no activity is detected, the methylase

clone is mapped and subjected to deletion ana- 20

lysis to determine the location of the gene within

the cloned fragment. A restriction map of the S.

fimbriatus chromosome in the region of the Sfil

methylase is obtained. The map identifies re-

striction fragments that carry the Sfil methylase 25

as well as additional, larger pieces of DNA.

Since it has been found in accordance with the

present invention that the restriction and

methylase genes are linked, the larger

methylase-containing fragments should encode 30

the restriction gene as well.

11. Libraries enriched in the methylase gene

may be constructed by gel-purifying the DNA
fragments described in step 10 and ligating

them into an appropriate vector such as 35

pEV328-8-6 (a derivative of pBR328, the con-

struction of which is described in Example 1,

step 3). Clones carrying DNA downstream of the

methylase gene can be isolated by methylase

selection; clones carrying DNA upstream or on ao

both sides do not express but can be isolated

using Grunstein blots (see Figures 3 and 4).

12. Identification of restriction gene clones:

Clones carrying the Sfil restriction endonuclease

gene were not identifiable by the crude cell 45

extract assay described in the above-referenced

EPO Publication 193,413, presumably because

of the low level of expression of the Sfil en-

donuclease gene in E. coli. Therefore, the Sfil

endonuclease is purified as close to homogene- 50

ity as possible from S. fimbriatus , and the se-

quence of the first 20-40 amino acids is deter-

mined. From the sequence information, a de-

generate oligomer DNA probe is designed and

radioactively labeled. At the same time the size 55

of the restriction endonuclease protein is deter-

mined by protein gels to be about 32 kD, in-

dicating that the amount of DNA necessary to
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encode the endonuclease gene is approximately

1 kb for Sfil. Clones carrying the Sfil restriction

endonuclease are identified as those that hy-

bridize to the restriction gene DNA probe, and

carry at least 1 kb of DNA adjacent to the

hybridization location. Preferably at least 1 kb of

DNA is adjacent both sides of the hybridization

locus. The DNA sequencing of the hybrid loca-

tion will determine where the restriction en-

donuclease gene lies with respect to the hy-

bridization locus.

13. Overexpression: The clone containing the

restriction gene can be overexpressed using any

of a number of techniques, as indicated in more

detail in Example 2 below. These techniques

can be used individually or in combination to

obtain maximum expression of the Sfil restric-

tion endonuclease gene.

For example, a promoter recognized strong-

ly by E. coli, such as lambda pL, is inserted

directly upstream of the beginning of the Sfil

endonuclease gene. This transfer may be ac-

complished using suitable restriction en-

donucleases. Preferably the restriction gene

should be closer to the promoter than about 0.5

kb.

A second method for increasing expression

of the Sfil endonuclease gene comprises insert-

ing a strong ribosome binding site upstream of

the gene (Shine & Dalgarno 1974 Proc. Natl.

Acad. Sci. USA 71, 1342-1346) the disclosure of

which is hereby incorporated by reference here-

in.

A third method for increasing expression of

the Sfil endonuclease gene comprises altering

the DNA sequence of the gene by site-directed

mutagenesis or by resynthesizing the gene itself

to use codons that are more efficiently utilized in

E. coli .

Expression of the Sfil endonuclease gene

can also be amplified using polymerase-chain

reaction and synthetic primers hybridized to

both 5' and 3' ends of the gene.

14. Production: The Sfil methylase or en-

donuclease may be produced from clones carry-

ing the Sfil modification gene and the overex-

pressed restriction gene by propagation in a

fermenter in an appropriate medium. The cells

are thereafter harvested by centrifugation and

disrupted by sonication to produce a crude cell

extract containing Sfil methylase and restriction

endonuclease activity.

15. Purification: The crude cell extract contain-

ing the Sfil methylase and endonuclease is puri-

fied by known protein purification techniques

such as affinity chromatography, or ion-ex-

change chromatography.

7
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Although the above-outlined steps represent

the preferred mode for practicing the present

invention, it will be apparent to those skilled in

the art that the above described approach can

vary in accordance with techniques known in the

art.

The following examples are given to illus-

trate embodiments of the present invention as it

is presently preferred to practice. It will be un-

derstood that the examples are illustrative, and

that the invention is only restricted as indicated

in the appended claims.

EXAMPLE 1

Cloning of Sfil Modification Methylase and Restric-

tion Endonuclease Genes

1. DNA purification: Lysozyme-Triton X-100 lysis

followed by phenol/chloroform extractions and

dialysis was found to result in a small yield of S.

fimbriatus DNA. The Sfi cells proved to be more

difficult to lyse than most other bacterial cells

carrying R-M systems. Resistance to lysis

seems to be a common trait among other Strep-

tomyces strains and the related Nocardia

strains, such as Nael, Ncol, and Narl.

Addition of a freeze-thaw step during

lysozyme treatment to facilitate lysis of the cells

yielded a larger amount of DNA, but recovery

was relatively low. Libraries, however, could be

constructed using this DNA.

A more preferred method for isolation of S.

fimbriatus DNA is described as follows: 2.5 g of

cell paste was resuspended in 10 ml of 0.1 M
Tris-HC1, 0.1 M EDTA pH 7.6. The suspension

was placed in a mortar and gently mixed with a

pestle which resulted in a great improvement in

DNA yield. The suspension was divided into two

5.0 ml portions. 7.0 ml of 1 .7 mg/ml lysozyme in

0.1 M Tris-HC1, 0.1 M EDTA pH 7.6 was added

to each portion and each was incubated for 90

minutes at 37 # C and then overnight at 4 -
C.

SDS was added to a final concentration of 1%,

and proteinase K was added to 0.13 mg/ml and

then the portions were incubated for 22 minutes

at 37 'C. 0.8 ml of a solution of 10% SDS and

8% sarcosyl was added to each and incubation

was continued at 55 ' C for 42 minutes. The two

portions were then combined and dialyzed

against four changes of DNA buffer (10 mM
Tris-HC1, 1 mM EDTA pH 8.0) for 24 hours. The

dialyzed DNA solution was then prepared for

cesium chloride-ethidium bromide equilibrium

density centrifugation by increasing the total vol-

ume to 80 ml with DNA buffer, and then dividing

the DNA solution into four 20 ml portions, to

each of which 20 grams of cesium chloride and

0.2 ml of 5 mg/ml ethidium bromide were ad-

ded. The DNA solution was centrifuged at

44,000 rpm for 48 hours and the resulting band

of DNA was removed by extracting 4 times with

5 an equal volume of ice-cold water-saturated N-

butanol. The cesium chloride was removed by

dialysis. The DNA was then precipitated by add-

ing NaCI to 0.5M and layering 0.55 volume

isopropyl alcohol on top. The precipitated DNA
to was spooled onto a glass rod. The DNA was

dissolved in 3 ml 10mM Tris, 1mM EDTA (pH 8)

to a final concentration of approximately 1700

g/ml.

NOTE FOR STEPS 2-10: As noted above, a

T5 total of 16 different endonucleases were each

used to digest the Sfi chromosome to construct

and screen 54 libraries. Since the methylase

gene did not express well enough to survive

selection in all cases except the Bell library,

20 only the details for the Bell library will be pro-

vided.

2. Complete and partial digestion: The purified

DNA was cleaved with Bell endonuclease as

follows: 21 ul of DNA at 1700 ug/ml in 10mM
25 Tris pH 7.5, 10mM MgC1 2 , 50mM NaCI, 10mM

mercaptoethanol buffer was divided into one 1 00

Ul aliquot and five, 50 ul aliquots. To the 100 ul

tube was added 10 units of Bell endonuclease

(New England Biolabs, Beverly, Massachusetts)

30 to achieve 1 unit of enzyme per ug of DNA. 50

ul was withdrawn from the first tube and trans-

ferred to the second tube to achieve 0.5 units of

Bcll/ug, and so on, each succeeding tube re-

ceiving half of the previous amount of Bell. The

35 tubes were incubated at 37 *C for one hour,

then heat-treated at 72* C for 15 minutes and 15

ul from each was analyzed by agarose gel elec-

trophoresis. Tubes exhibiting moderate, but in-

complete digestion were chosen as the source

40 of partial digest fragments for cloning and the

completely digested DNA was combined sepa-

rately. (The partial digestion tubes were the 0.25

u/ug, 0.12 u/ug, 0.06 u/ug and 0.03 u/ug tubes,

while the 1 .0 u/ug and 0.5 u/ug were the com-

45 plete digestion tubes. The solutions were mixed

together and used as described in step 4 be-

low).

3. Construction of pEV328-8-6: pBR328 DNA
(ATCC 37517) was partially digested with Sspl

so endonuclease (New England Biolabs, Beverly,

Massachusetts) by preparing 100 ul of 80 ug/ml

pBR328, cesium-purification DNA in Sspl buffer

(100 mM NaCI, 10mM Tris-HCI pH7.5, 10mM
MgCl2, and 10mM Beta-mercaptoethanol). Six

55 units of Sspl endonuclease were added and the

mixture was placed immediately at 37 *C. 15 ul

aliquots were removed after 1.5, 2.5, 3.5, 4.5,

5.5, and 6.5 minutes at 37 #
C. Sspl digestions

8
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were immediately terminated by heating at

72*C for 15 minutes. 10 ul from each portion

was analyzed by agarose gel electrophoresis.

The 4.5- and 5.5 minute samples exhibited the

greatest amount of linearized DNA and the

smallest amount of uncut, supercoiled DNA.

These tubes were selected for the next step,

insertion of an Sfil linker into pBR328. 0.6 ug of

Sspl-partially digested pBR328 DNA (5 ul from

the 4.5 minute tube, and 2.5 ul from the 5.5-

minute tube), 9 ul distilled water, 2 ul 10X

ligation buffer (see step 4 below), 1 .5 ul 400u/ul

T4 DNA ligase (New England Biolabs, Beverly,

Massachusetts), and 4 ul of 200ug/ml Sfil un-

phosphorylated linker (GGCCGCAGCGGCC and

GGCCGCTGCGGCC) (New England Biolabs,

Beverly, Massachusetts) were mixed together

and incubated overnight at room temperature. 5

ul were transformed into E. coli RRI cells and

plated on chloramphenicol plates (see step 4

below). The DNA of 14 survivors was analyzed

by the miniprep procedure (see step 9 below).

Three survivors were found to contain the Sfil

linker inserted into the first Sspl site of pBR328,

and were named pEV328-8.

To insert a second linker at the EcoRV site

of pEV328-8, 50ul of 80ug/ml pEV328-8 in Ec-

oRV buffer (150mM NaCI, 6mM Tris-HCI pH8.0,

6mM MgCI2 and 6mM Beta-mercaptoethanol)

containing 20 units of EcoRV endonuclease was

incubated at 37 • C for two hours. 0.6 ug of the

completely-digested DNA was ligated with 0.8

ug of the linker, as above. Six of the eight

examined transformants were found to contain

the linker at the EcoRV site of pEV328-8, and

were named pEV328-8-6. A sample pEV328-8-6

has been deposited at the American Type Cul-

ture Collection under ATCC accession no.

68217.

4. Ligation: The fragmented DNA from step 2

was ligated to pEV328-8-6 as follows: 6 ug of

Bell-completely digested S. fimbriatus DNA (60

Ul) and 6 ug of Bell-partially digested S. fim-

briatus DNA (60 ul) were individually mixed with

3.0 ug of BamHI-cleaved and dephosphorylated

pEV328-8-6 (7.5 ul). 20 ul of 10X ligation mix

(500mM Tris, pH 7.5, 100 mM MgCI2 , 100mM
DTT, 5mM ATP) was added, plus 110.5 u! of

sterile distilled water to bring the final volume to

198 ul. 1.875 ul of concentrated T4 DNA ligase

(2x1

0

6 u/ml) was added and the mixture was

incubated at 16* C for 4 hours then sterilized by

the addition of 10 ul of chloroform. Approxi-

mately 125 ul of the ligated DNA was used to

transform E. coli strain RR1 as follows: The DNA
was mixed with 1.0 ml of SSC/CaCI2 (50mM
NaCI, 5mM sodium citrate, 67mM CaCl2) on ice

and 2.0 ml of ice-cold competent E. coli RR1

100 B1 16

(hsd R-M", ATCC No. 31343) cells were added.

After a 5-minute incubation at 42 °C, the cells

were diluted by the addition of 8 ml of Luria-

broth (L-broth) then incubated at 37 *C for 1

5 hour.

5. Primary Cell Library: The transformed cell

culture was briefly centrifuged, the supernatant

discarded and the cells resuspended in 1.0 ml

of L-broth. 200 ul portions were plated onto

10 Luria-agar (L-agar) plates containing 100 ug/ml

ampicillin. After overnight incubation at 37 *C,

the plates were each flooded with 2.5 ml of 10

mM Tris, pH 7.5, 10mM MgC12 and the trans-

formed colonies were scraped together and

75 pooled to form the primary cell library.

6. Primary plasmid Library: The primary plasmid

library was prepared as follows: 2.5 ml of the

primary cell library was inoculated into 500 ml of

L-broth containing 100 ug/ml ampicillin. The cul-

20 ture was shaken overnight at 37 *C then cen-

trifuged at 4000 rpm for 5 minutes. The super-

natant was discarded and the cell pellet was

resuspended in 10 ml of 25% sucrose, 50m

M

Tris, pH 8.0, at room temperature. 5 ml of 0.25M

25 EDTA, pH 8.0, was added, followed by 3 ml of

10 mg/ml lysozyme in 0.25M Tris, pH 8.0. The

solution was left on ice for 3 hours, then 12 ml

of lytic mix (1% Triton X-100, 50MM Tris, pH
8.0, 67mM EDTA) was forcefully pipetted in, and

30 the cell suspension gently swirled to achieve

lysis. After lysis, the mixture was transferred to

a 50 ml plastic centrifuge tube and centrifuged

at 17000 rpm, 4*C for 45 minutes. The super-

natant was removed with a pipette. 20.0 gm of

35 solid CsCI was weighed into a 50 ml plastic

screw-cap tube and 22.0 gm of supernatant was

pipetted into the tube and mixed. 1.0 ml of

ethidium bromide solution (5 mg/ml ethidium

bromide in 10mM Tris, ph 8.0, 1mM EDTA,

40 100mM NaCI) was added to the mixture. The

solution was transferred to two 5/8 in. x 3 in.

polyallomer centrifuge tubes and sealed. These

tubes were then centrifuged in a Beckman Ti70

rotor for 42 hours at 44000 rpm, 17 °C. To

45 collect the plasmids, the tops of the tubes were

pierced with a scalpel and the lower of the two

fluorescent DNA bands was collected by syringe

under ultraviolet light. The lower band from both

tubes were combined into a screw-top glass

50 tube and the ethidium bromide was removed by

extracting four times with an equal volume of

water-saturated ice-cold N-Butanol.

The extracted solution was transferred to

dialysis tubing and dialyzed for 24 hours against

55 4 changes of DNA buffer. The dialyzed DNA
solution was then transferred to a pre-weighed

50 ml sterile centrifuge tube and its volume was

measured. 5M NaCI was added to a final con-

9
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centration of 0.4M, then 2 volumes of

isopropanol were added and mixed. The solution

was stored overnight at -20 • C to precipitate the

DNA. After precipitation, the solution was cen-

trifuged at 15000 rpm, 0°C for 15 minutes and 5

the supernatant discarded. The tube was left on

the bench to air-dry for 1 5 minutes, and then the

DNA pellet was dissolved in 500 ul of DNA
buffer and stored at -20 *C. The DNA concentra-

tion of plasmids prepared in this way was found to

to be 100 to 200 ug/ml.

7. 108 ul (100 ug) of the plasmid library ob-

tained in step 6 was electrophoresed for four

hours in a 1% agarose gel containing 0.01%

SDS. Using long-wave UV to view the gel, plas- 75

mids that migrated more slowly than the parent

vector (eg. everything above the -2.8kb marker,

where pEV328-8-6 supercoiled plasmid runs)

were cut from the gel and minced using a clean

razor blade. The mixture was forced through a 20

22 gauge syringe into 5ml 1x agarose gel buffer

containing 0.01% SDS, and centrifuged at 17000

rpm for 45 minutes. The supernatant was

precipitated with 0.5 ml 5M NaCI and 1.1 ml

isopropanol at -20 • C overnight. The DNA was 25

pelleted at 15000 rpm for 15 minutes. The pellet

was resuspended in 500 ul 10mM Tris pH8,

1mM EDTA, phenol/chloroform extracted, chlo-

roform extracted three times and precipitated

again with 48 ul 5M NaCI and 1100 ul 30

isopropanol at -20 • C for three hours. The pellet

was rinsed with 70% isopropanol and air dried,

and resuspended in a final volume of 100 ul

10mM Tris pH8, 1mM EDTA.

8. Digestion of Plasmid Pool: The gel-purified 35

primary plasmid pool was digested to destroy

non-Sfil methylase clones as follows: The plas-

mid DNA was diluted to 50 ug/ml in 10mM Tris

pH 8.0, 10mM MgCI2, 10mM mercaptoethanol,

50mM NaCI. A total of 120 ul was prepared. 40

8u/ug Sfil was added and the mixture was in-

cubated at 50 • C for 2 hours.

9. Transformation: A 12.5 ul sample from each

tube was used to transform E. coli RR1. After

the 3-minute heat step and 45 minutes of growth 45

in Luria Broth at 37 'C, the cell/DNA mixtures

were plated onto L-agar plates containing 200

ug/ml chloramphenicol. After overnight incuba-

tion at 37 °C, the plates were examined. Diges-

tion of the plasmid library with Sfil was found to 50

have reduced the number of transformants by a

factor of about 103 . Ten individual colonies were

picked from the plates. Each colony was inocu-

lated into 10 ml of L-broth containing chloram-

phenicol, to prepare a miniculture, and was also 55

streaked onto L-agar plates containing chloram-

phenicol to prepare a master stock.

10. Analysis of surviving individuals: Ten of the

surviving colonies obtained from section 9 were

grown up in 10 ml cultures and the plasmids

that they carried were prepared by the following

miniprep purification procedure, adapted from

the method of Birnboin and Doly (Nucleic Acids

Res. 7: 1513 (1979)).

Miniprep Procedure : Each culture was cen-

trifuged at 8000 rpm for 5 minutes; the super-

natant was discarded and the cell pellet was

resuspended in 1.0 ml of 25mM Tris, 10mM
EDTA, 50mM glucose, pH 8.0, containing 1

mg/ml lysozyme. After 10 minutes at room tem-

perature, 2.0 ml of 0.2M NaOH, 1% SDS was

added to each tube and the tubes were shaken

to lyse the cells, then placed on ice. Once the

solutions had cleared, 1.5 ml of 3M sodium

acetate, pH 4.8, was added to each and shaken.

The precipitates that formed were spun down at

15000 rpm, 4 # C for 10 minutes. Each super-

natant was poured into a centrifuge tube con-

taining 3 ml of isopropanol and mixed. After 10

minutes at room temperature, the tubes were

spun again at 15000 rpm for 10 minutes to

pellet the precipitated nucleic acids. The super-

natants were discarded and the pellets were air-

dried at room temperature for 30 minutes. Once

dry, the pellets were resuspended in 850 ul of

10mM Tris, 1mM EDTA pH 8.0. 75 Ul of 5M
NaCI was added to each and the solutions were

transferred to Eppendorf tubes containing 575 ul

of isopropanol, and again precipitated for 10

minutes at room temperature. The tubes were

then centrifuged for 45 seconds in a microfuge,

the supernatants were discarded and the pellets

were air-dried. The pellets were then dissolved

in 500 ul of 10mM Tris, 1mM EDTA, pH 8.0,

containing 100 ug/ml RNase and incubated for 1

hour at 37 *C to digest the RNA. The DNA was

precipitated once more by the addition of 50 ul

of 5M NaCI followed by 350ul of isopropanol.

After 10 minutes at room temperature, the DNA
was centrifuged for 45 seconds, the supernat-

ants were discarded and the pellets were redis-

solved in a final solution of 150 ul of 10mM Tris

1mM EDTA, pH 8.0. The plasmid minipreps

were subsequently analyzed by digestion with

Sfil.

11. Methylase Gene Clones (named

pEV123RM612-16): Nine plasmids were found

to be resistant to Sfil and to carry a 3.9kb Bell

fragment (see Figure 2). In each case the frag-

ment was in the same orientation with respect to

the plasmid's tetracycline-resistance-gene pro-

moter. These nine plasmids were subsequently

shown to carry the Sfil modification methylase

gene. This was established by deleting the Bell

insert and checking the remaining vector for

10



19 EP 0 437

intact, cleavable Sfil sites; and by an in vitro

modification methylase assay performed on an

extract prepared from E. coli into which the

plasmid had been transferred by transformation,

as follows: 5

A 500 ml culture of the clone to be tested

was grown overnight in L-broth plus 100 ug/ml

ampicillin at 37 *C and the cells were pelleted

by centrifugation at 4000 rpm for 5 minutes. The

supernatant was discarded and the pellet was io

resuspended in 7.5 ml of sonication buffer

(20mM KPCU pH7.4, 10 mM beta-mercap-

toethanol). Once resuspended, the cells were

sonicated for three 15-second bursts to disrupt

the cells. The sonicated cells were centrifuged 75

for 15 minutes at 10,000 rpm and the super-

natant was used as the cell extract. The extract

was purified on a 1ml phosphocellulose column

at 4* C as follows: 0.4ml 2M KCI was added to

the extract to make the final concentration 0.1 M 20

KCI. The column was equilibrated with 3-4 ml

0.1 M KCI, 20mM KP04 pH7.4, 10mM Beta-

mercaptoethanol and 5% glycerol. The extract

was loaded onto the column, and the eluate was

collected in 5-drop fractions. The column was 25

washed with 3.5 ml of the above buffer, then 3.5

ml of the above buffer with the KCI concentra-

tion at 0.3M, then with the above buffer with the

KCI concentration at 0.5M, and finally with the

above buffer with the KCI concentration at 0.7M 30

KCI. The conductivity of each 5-drop fraction

was recorded to determine which fractions con-

tained the initial increases in KCI concentration.

Those tubes were assayed for methylase activ-

ity as follows: 1 ul column fraction was added to 35

50 ul of 50 ug/ml T4 DNA in methylase buffer

(50mM Tris, pH7.5, 10mM EDTA, 5mM beta-

mercaptoethanol, 0.1mM S-adenosyl

methionine). After 1 hour at 37 0 C, 50 ul of the

following mixture was added to each tube: 40

50mM Tris, pH8.0, 40mM MgCI2, 5mM beta-

mercaptoethanol, 80 units/ml Sfil endonuclease,

and 100mM NaCI. The tubes, now containing

100 ul each, were incubated at 50* C for 1 hour.

A 25 ul sample from each tube was analyzed by 45

gel electrophoresis. The tubes containing 0.3M

and 0.5M KCI were found to contain the

methylase activity at a titer of approximately

2500 units per ml, which corresponds to about

6000 units of Sfil methylase per gram of wet cell so

paste. (See Figure 5)

12. The extract was also assayed for restriction

endonuclease activity by incubating 1 ul of each

column fraction with 35 ul of 50mM Tris pH 8,

50mM NaCI, 10mM MgCI2 , 10mM beta-mercap- 55

toethanol, 50 ug/ml T4 DNA for 1 hour at 50 • C.

A 25 ul sample analyzed by electrophoresis

showed no evidence of restriction endonuclease

B1 20

activity.

13. Location of the methylase gene within the

3.9 kb Bell insert: The Sfil methylase clone was

digested with numerous restriction en-

donuclease to provide a restriction map of the

cloned DNA. Using the map, various regions

within the insert were deleted to determine the

resulting effect on methylation. The location of

the approximately Ikb methylase gene within the

3.9 kb insert was then pinpointed, and the length

of cloned DNA on either side of the gene was

found to be approximately 0.6 and approximate-

ly 2 kb. The methylase clone did not contain

enough DNA (0.6 kb) on the left side to encode

a linked restriction endonuclease gene, and pos-

sibly did not contain enough DNA (approximate-

ly 2 kb) on the right of the methylase gene,

since the distance between the two genes, the

exact size of the genes, and whether or not they

were linked was not known (see Figure 3). The

lack of Sfil endonuclease activity in the clone

indicated that the restriction gene was either not

present in the clones, or was present but not

expressed. In the event that the restriction gene

was present and not expressing, DNA and pro-

tein sequencing of the methylase clones was

undertaken to determine whether part, all or

none of the restriction gene was present in the

clones as described in steps 1 9-21 . In the event

that the entire restriction gene was not present,

the cloning of the larger regions of DNA adja-

cent to the methylase gene was achieved as

described in steps 14-18.

14. A genomic map of the adjacent regions was

determined by the Southern blot technique

(Southern, E. 1975, J.Mol.Bio ., 98:503) using

portion of the methylase clone as a probe, spe-

cifically, the approximately 1.7 kb BamHI-Kpnl

fragment which had been gel-purified and nick-

translated with alpha 32P-ATP. Gel purification is

described in step 7. The gel-purified probe was

nick-translated as follows: 5 ul (0.5 ug) DNA, 1 .5

Ul buffer (500mM Tris pH 7.5, 10mM beta mer-

captoethanol, 50mM MgCI2 ), 1 Ul GTC
(500pmoles/ul), 5 ul alpha-^P-dATP-

(100pmoles, 800Curies/millimole), 2 ul DNA
polymerase I (20 units), and 1ul DNAse I (1

ug/ml) were mixed together and incubated

16 "C for 2 hours. The mixture was then boiled

for 10 minutes and placed immediately on ice.

The Southern blot was prepared as follows:

S. fimbriatus DNA was digested separately with

the restriction endonucleases Asel, Bam HI, Bell,

Clal, Dral, EcoRI, EcoRV, Ncol, Ndel, Nhel, Notl,

Pstl, Pvull, Sail, Seal, Smal, Spel, Sphl, and

Xhol. The digests were electrophoresed on a

1.0% agarose gel. The gel was soaked in 0.25

M HCI for 10 minutes; 0.4 M NaOH, 0.8 M NaCI

11
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for 30 minutes; and then in 0.5 M Tris-HCI pH

7.5, 1.5 M NaCI for 30 minutes. A nitrocellulose

sheet was soaked briefly in water, then in 5 X
SSC (0.75 M NaCI, 75 mM sodium citrate). The

gel was placed on top of a 1/2 inch stack of 5

chromatography paper (Whatman) in 300ml 20

X SSC (3M NaCI, 0.3M sodium citrate), with the

level of buffer just below the height of the

stacked paper. The nitrocellulose sheet was

placed on top of the gel and backed with 10

chromatography paper (Whatman) to act as a

wick. The sandwich was weighed down and

transfer of the gel contents to the nitrocellulose

sheet was allowed to proceed at room tempera-

ture overnight. The sheet was then rinsed in 1 X 75

SSC for ten minutes and baked in a vacuum

oven at 80 • C for 1 .5 hours to fix the transferred

DNA fragments to the nitrocellulose. The sheet

was transferred to a plastic bag containing 15 ml

of a solution composed of 3 ml of 10 g/l Ficoll, 20

10 g/l polyvinylpyrrolidone, 10 g/l bovine serum

albumin; 4.5 ml of 20 X SSC; 1.5 ml 10% SDS;

3 ml 10% dextran sulfate; 3 ml water, and

prehybridized by incubating at 65 • C with shak-

ing for 3 hours. 7 ul radioactive probe was 25

added to the bag, and incubation was continued

at 65 °C shaking overnight. The nitrocellulose

sheet was then washed three times for 5 min-

utes each at room temperature with 0.3M NaCI,

30mM Sodium Citrate; and once for twenty min- 30

utes at 65 °C in the same buffer containing

0.5% SDS. The sheet was then air-dried and

autoradiographed overnight.

From the Southern blot data, the exact sizes

of six methylase-encoding fragments were 35

known. Ncol, Pstl, Pvull, Sail fragments carry

DNA to the left of the methylase gene; BamHI

and Smal carry DNA to the right (Figure 4). The

probe hybridized to a single 6-kb band in both

the Pstl-digest and the Ncol-digest, to an 8-kb 40

band in the Sall-digest, a 5.5-kb band in the

Pvull-digest, and a 20-kb band in both the

BamHI and Smal digests. The other bands were

judged to be too large to clone.

15. Six libraries (BamHI, Ncol, Pstl, Pvull, Sail, 45

Smal) were constructed and selected by the

same procedures as steps 2-6 and 8-10 (step 7

was not done), with the following modification at

steps 2 and 4: 30 ul (30 ug) Sfil chromosomal

DNA was digested completely in 300 ul 10mM 50

Tris pH7.5, 10mM MgCb, 150mM NaCI, 10mM
mercaptoethanol containing excess BamHI (150

units) at 37 *C for 3 hours. The entire volume

was electrophoresed in a 1% agarose gel con-

taining 0.01% SDS for 5 hours. Using long wave 55

UV to view the gel, the fragments within the size

range of the known size of the methylase-gene-

carrying fragment were cut out of the gel and

minced with a clean razor blade. The fragments

were purified following the same procedure as

step 7. 15 ul (0.8 ug) was ligated to 2 ul (0.8

ug) of BamHI-cleaved and dephosphorylated

pEV328-8-6 in 70 ul 1X ligation buffer contain-

ing 1200 units T4 DNA ligase at 16 *C for 4

hours. All 70 ul was transformed into RR1

.

16. Identification of new BamHI methylase

clones carrying a large region of DNA down-

stream from the methylase gene (designated

pEV123RM603-2): 15 of the survivors from step

15 were from the BamHI library, and one of

these was found to carry 20kB BamHI fragment

encoding the Sfil methylase gene. This clone

overlapped the original Bell clone as indicated in

Figure 4, and carried a long enough length of

DNA to encode a approximately 1 kb restriction

endonuclease gene if it were linked downstream

of the methylase gene. Methylase selection of

the four libraries that were constructed to clone

DNA upstream from the methylase were un-

successful (Pstl, Pvull, Sail, Ncol), leaving the

upstream side of the methylase gene yet to be

cloned (as described below, the cause was later

shown to be lack of expression).

17. Obtaining new methylase clones carrying a

large region of DNA upstream from the

methylase gene (Pstl clones were desingated

pEV123RM3604-19; Pvull clones were designat-

ed pEV123RM625-11): Since the new BamHI

clone showed no endonuclease activity, at-

tempts to clone upstream from the methylase

gene were further pursued. The unsuccessful

new libraries, as well as some older libraries,

were probed with the methylase to see if the

desired fragments had been cloned in the librar-

ies or if they were absent. The results showed

that the fragments were present in the libraries,

suggesting that methylase selection was unsuc-

cessful due to poor expression of the methylase

clones. To isolate clones carrying the unexpres-

sed methylase gene, Grunstein blots were used

as described in the following step.

18. A protocol similar to that described in Man-

iatis et al. was used to examine a total of ap-

proximately 3200 individual colonies from the

Pstl and Pvull libraries by Grunstein blots, again

using the nick-translated BamHI-Kpnl fragment

as a probe (Maniatis, T., et al. Molecular Clon-

ing , Cold Spring Harbor, 1982, p.313; Grunstein,

M. and D. Hogness, 1975, Proc. Natl. Acad. Sci.

72: 3961) the disclosures of which are hereby

incorporated by reference herein. The bacterial

colonies were transferred to nitrocellulose filters

by contact-lifts. The filters were immersed in

0.5M NaOH, 2M NaCI for 30 seconds; 0.5M

Tris-HCI, pH 7.5, 3M NaCI for 1 minute; 0.3M

NaCI, 0.03M sodium citrate, 0.1% SDS for 5

12
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seconds; 0.3M NaCI, 0.03M sodium citrate for

10 seconds. The filters were air-dried, and then

they were baked in a vacuum-oven at 80 # C for

30 minutes. The filters were prehybridized, and

then hybridized with the 1.7kb Sfil methylase 5

gene probe, using the procedure described

above. The filters were air-dried and autoradiog-

raphed overnight.

Clones carrying the methylase gene and

DNA to the left as expected were isolated from 10

both the Pstl and Pvull libraries. These clones

indeed expressed little or no methylase activity;

the methylase gene was too far from any vector

promoter. The overlap of these clones with the

Bamll and Bell clones is shown in Figure 4. 75

19. With the recovery of the new clones, there

was now enough DNA cloned on both sides of

the methylase gene to encode a restriction en-

donuclease gene, if it were linked, regardless of

which side encoded the linked gene. However, 20

none of the clones expressed any restriction

endonuclease activity. With still no proof that the

two Sfil R-M genes were linked, Sfil restriction

endonuclease was purified as close to homo-

geneity as possible for protein sequencing as 25

follows:

One liter crude cell extract from 308 g S.

fimbriatus was placed over a the following col-

umns in the following order: heparin, DEAE-

cellulose, affi-gel blue, monoQ HPLC and 30

monoS HPLC resulting in £ 95% pure Sfil re-

striction endonuclease.

100 ul (2.5ug) of the purified Sfil restriction

endonuclease was used for amino terminal pro-

tein sequencing on Applied Biosystems Model 35

470A gas phase protein sequencer. The first 28

amino acid residues were sequenced as follows:

methionine - histidine - glutamine - aspartic

acid - tyrosine - arginine - glutamic acid -

leucine - undetermined - leucine - aspartic acid - aq

glutamic acid - leucine - glutamic acid - undeter-

mined - valine - glutamic acid - lysine -

glutamine - threonine - leucine - arginine - un-

determined - isoleucine - valine - glutamine -

alanine - leucine. 45

20. Identification of restriction gene clones:

Based on the above sequence, a 14-mer DNA
oligo probe with 8-fold degeneracy was con-

structed:

ATGCA(T,C)CA(G,A)GA(C,T)TA 50

Only the first five amino acid residues were

chosen for translation into DNA sequence be-

cause, although increasing DNA length in-

creases hybridization specificity, in this case it

also increases degeneracy and therefore re- 55

duces specificity. The original Bell clone, the

subsequent Bam HI clone carrying overlapping

DNA downstream of the original clone, and the

Pstl clone carrying overlapping DNA upstream

of the original clone, were digested with various

restriction endonucleases and blotted onto ni-

trocellulose like the procedure described above

(step 14). The DNA 14-mer was kinased in 26 ul

as follows: 2.5 ul 10X kinase buffer (700mM
Tris-HCI pH7.6, 100mM MgCI2, 50mM DTT, 2.6

mM 5'-hydroxyl-terminated salmon sperm DNA),

5 ul 14-mer (1 O.DVml), 12.5 ul dH20, 5 ul

gamma32PATP (50uCi), and 1 ul kinase (10

units), at room temperature for 1.3 hours. The

entire volume was added to the pre-hybridized

blot and shaken overnight at room temperature.

The blot was washed and exposed as described

in step 14. The results showed that the oligomer

hybridized to a specific location on the Bell and

Bam HI clones but not to the Pstl clone, allowing

the exact location of the beginning of the Sfil

restriction endonuclease gene to be pinpointed

to within a particular 200 base pair region in the

methylase clones (see Figure 4). This is indirect

but substantial proof that the Sfil R-M genes are

linked and completely cloned together on the

Bam HI clone and at least partly on the Bell

clone (step 21 showed that the Bell clone also

contained the complete R-M genes).

21 . DNA sequencing of the region confirmed the

presence of the restriction gene, revealed its

orientation, and provided data to use as a basis

for subsequent manipulations of the recombinant

plasmid to induce expression of the cloned re-

striction gene in E. coli as indicated in Example

2 below.

EXAMPLE 2

Overexpression of the Sfii Restriction En-

donuclease Gene

Sequencing the DNA of the region and detailed

mapping and deletion data maybe used in a num-

ber of approaches to obtain maximum expression

of the cloned Sfil restriction endonuclease.

One such approach comprises inserting a pro-

moter recognized strongly by E. coli , such as

lambda pL, in direct proximity to the beginning of

the Sfil restriction endonuclease gene. The strong

promoter may be inserted into a suitable vector

using known methods. One such suitable vector is

pGW7 (ATCC 40166). Insertion of the strong pro-

moter may be accomplished by identifying conve-

nient restriction targets near both ends of the re-

striction gene and compatible restriction targets on

the vector near the promoter, and transferring the

restriction gene into the vector in such an orienta-

tion as to be under the translational control of the

strong promoter.

13
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Sfil endonuclease subclones containing a

lambda pL promoter 0.5 kb from the start of the

restriction gene did not exhibit amplified expression

of the endonuclease as predicted. Therefore, in

order to overexpress the cloned Sfil in accordance

with the present invention, constructing this em-

bodiment the restriction gene should be manipu-

lated so that it is less than 0.5 kb downstream of

the lambda pL promoter.

The level of expression of the restriction en-

donuclease gene may be determined using known

methods, as described in steps 11-12.

Sfil may also be overexpressed by utilizing a

strong ribosome binding site placed upstream of

the Sfil restriction endonuclease gene to increase

expression of the gene. See, Shine & Dalgarno,

(1974) Proc. Natl. Acad. Sci. USA 71, 1342-1346,

which is hereby incorporated by reference.

A third approach for increasing expression of

the Sfil restriction endonuclease gene comprises

altering the DNA sequence of the gene by site-

directed mutagenesis or resynthesis to contain initi-

ation codons that are more efficiently utilized in E.

coji.

A further approach for increasing expression of

the Sfil restriction endonuclease gene comprises

designing oligonucleotide primers for hybridization

to both sides of the Sfil restriction endonuclease

gene based on DNA sequence, to take advantage

of the DNA polymerase chain reaction to amplify

the restriction gene. The amplified fragment is in-

serted into an expression vector such as pGW7
(ATCC 40166) or pET3A (from William Studier,

Brookhaven Nat. Lab., Upton, New York). Both vec-

tors contain a strong promoter and a ribosome

binding site.

The Sfil modification methylase or en-

donuclease may be produced from clones carrying

the Sfil modification gene and the overexpressed

restriction gene by propagation in a fermenter in a

rich medium containing appropriate antibiotics. The

cells are thereafter harvested by centrifugation and

disrupted by sonication to produce a crude cell

extract containing Sfil methylase and restriction

endonuclease activity.

The crude cell extract containing the Sfil

methylase and endonuclease is purified by stan-

dard product purification techniques such as affin-

ity-chromatography, or ion-exchange chromatog-

raphy.

Claims

1. Isolated DNA segment obtainable from S. fim-

briatus ATCC No. 15051 which encodes the

Sfil restriction endonuclease gene.

2. The DNA segment for claim 1 further compris-

ing DNA which encodes the Sfil methylase

gene.

5 3. A vector containing the DNA segment of claim

1 or 2.

4. A microbial host transformed by the vector of

claim 3.

10

5. A method of cloning an Sfil restriction en-

donuclease gene which comprises:

(a) forming a Bell library from genomic DNA
from S. fimbriatus

,
using a pBR328 derived

75 vector and a culture temperature of 37 • C,

(b) isolating clones which contain the gene

encoding the Sfil modification methylase;

(c) determining fragments that carry the

methylase gene and DNA adjacent to the

20 methylase gene; and cloning these frag-

ments;

(d) purifying restriction endonuclease pro-

tein and sequencing the first amino acid

residues; constructing a DNA probe based

25 on the sequence;

(e) determining which of the methylase

clones also carry the restriction en-

donuclease gene by identifying those that

hybridize to the probe of (d) and carry at

30 least 1 kb on each side of the hybridization

location;

(f) sequencing the DNA of the R-M gene

region, and combined with mapping and

deletion data from step (c), determining a

35 method for overexpressing the restriction

gene.

6. The method of claim 5, wherein the library is

formed by the steps of:

40 (a) constructing a cloning vector containing

Sfil sites;

(b) purifying DNA from S. fimbriatus ;

(c) digesting the purified DNA to form DNA
fragments;

45 (d) ligating the fragments into a cloning vec-

tor;

(e) transforming a host cell with the recom-

binant cloning vector of step (d) to form a

cell library; and

50 (f) purifying recombinant vectors from the

cell library to form a plasmid library.

7. The method of claim 6, wherein the cloning

vector is pEV328-8-6 (ATCC No. 68217).

55

8. The method of claim 6, wherein the microbial

host is a strain of E. coli which is hsdR".

14
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9. The method of claim 7, wherein the clone

containing the Sfil modification gene is isolated

by electrophoresing the plasmid library and

purifying only recombinant vectors from the

gel, digesting the gel-purified plasmid library 5

with Sfil to form a digestion pool, transforming

the digestion pool into a microbial host, and

selecting clones containing the modification

gene.

10

10. A method for producing the Sfil restriction en-

donuclease which comprises expressing the

gene of claims 1 or 2.

11. A method for producing Sfil restriction en- 75

donuclease comprising;

(a) purifying DNA from S. fimbriatus ;

(b) digesting the purified DNA with Bell re-

striction endonuclease to form DNA frag-

ments; 20

(c) constructing a pBR328 derived cloning

vector containing Sfil sites;

(d) ligating the fragments into the recom-

binant cloning vector to form a DNA mix-

ture; 25

(e) transforming a host cell with the DNA
mixture of step (c) and culturing at 37 • C to

form a library;

(0 isolating clones which contain the Sfil

modification methylase gene; 30

(g) screening clones containing the Sfil

modification methylase gene, and isolating

clones which contain the Sfil restriction en-

donuclease gene;

(h) overexpressing the Sfil restriction en- 35

donuclease gene so that the gene can be

function in E. coli .

(i) culturing the host cells containing the

clones of step (h); and

(j) recovering Sfil restriction endonuclease 40

from the culture.

12. The method of claim 11, wherein the cloning

vector is a plasmid or viral DNA molecule.

45

13. The method of claim 12, wherein the plasmid

is pEV328-8-6 (ATCC No. 68217).

Patentanspruche

50

1. Isoliertes DNA-Segment, erhaltlich aus S. fim-

briatus ATCC Nr. 15051, welches das Sfi I-

Restriktionsendonukleasegen kodiert.

2. Das DNA-Segment gemaB Anspruch 1, wel- 55

ches ferner DNA umfaBt, die das Sfi l-Methyla-

segen kodiert.

B1 28

3. Ein Vektor, welcher das DNA-Segment gemaB
Anspruch 1 oder 2 enthalt.

4. Ein mikrobieller Wirt, der durch den Vektor

gemaB Anspruch 3 transformiert wurde.

5. Ein Verfahren zum Klonieren eines Sfi l-Re-

striktionsendonukleasegenes, welches umfaBt:

(a) Bilden einer Bel l-Bibliothek aus genom-

ischer DNA aus S. fimbriatus , unter Verwen-

dung eines pBR328 abgeleiteten Vektors

und einer Kulturtemperatur von 37 • C;

(b) Isolieren von Klonen, die das Gen ent-

halten, welches die Sfi l-Modifikationsme-

thylase kodiert;

(c) Bestimmen der Fragmente, welche das

Methylasegen und DNA, welche benachbart

zu dem Methylasegen ist, tragen, und Klo-

nieren dieser Fragmente;

(d) Reinigen von Restriktionsendonuklease-

protein und Sequenzieren der ersten Amino-

saurereste;

Konstruieren einer DNA-Sonde, welche auf

der Sequenz basiert;

(e) Bestimmen, welche der Methylaseklone

ebenfalls die Restriktionsendonukleasegene

tragen durch Identifizieren jener, welche an

die Sonde aus (d) hybridisieren und wenig-

stens 1 kb an jeder Seite des Hybridisie-

rungsortes tragen;

(f) Sequenzieren der DNA aus dem R-M-

Genbereich und kombiniert mit Kartierungs-

und Deletionsdaten aus Schritt (c), Ermitteln

eines Verfahrens zum Oberexprimieren des

Restriktionsgenes.

6. Das Verfahren nach Anspruch 5, worin die

Bibliothek durch die Schritte gebildet wird:

(a) Konstruieren eines Klonierungsvektors,

welcher die Sfi l-Stellen enthSIt;

(b) Reinigen der DNA aus S. fimbriatus
;

(c) Verdauen der gereinigten DNA, um
DNA-Fragmente zu bilden;

(d) Ligieren der Fragmente in einen Klonie-

rungsvektor;

(e) Transformieren einer Wirtszelle mit dem
rekombinanten Klonierungsvektor aus

Schritt (d), um eine Zellbibliothek zu bilden;

und

(f) Reinigen von rekombinanten Vektoren

aus der Zellbibliothek, um eine Plasmidbi-

bliothek zu bilden.

7. Das Verfahren nach Anspruch 6, worin der

Klonierungsvektor pEV328-8-6 (ATCC Nr.

68217) ist.
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8. Das Verfahren nach Anspruch 6, worin der

mikrobielle Wirt ein Stamm aus E. coli ist,

welcher hsdR~ ist.

9. Das Verfahren nach Anspruch 7, worin der

Klon, welcher das Sfi l-Modifikationsgen ent-

hSIt, isoliert wird durch Elektrophoretisieren der

Plasmidbibliothek und Reinigen von aus-

schlieBlich rekombinanten Vektoren aus dem
Gel, Verdauen der gelgereinigten Plasmidbi-

bliothek mit Sfi I, um einen Verdauungspool zu

bilden, Ubertragen des Verdauungspools in ei-

nen mikrobiellen Wirt und Auswahlen von Klo-

nen, welche das Modifikationsgen enthalten.

10. Ein Verfahren zum Herstellen der Sfi l-Restrik-

tionsendonuklease, welche das Exprimieren

der Gene gemafi den AnsprUchen 1 Oder 2

umfaBt.

11. Ein Verfahren zum Herstellen von Sfi l-Restrik-

tionsendonuklease, welches umfaBt:

(a) Reinigen von DNA aus S. fimbriatus ;

(b) Verdauen der gereinigten DNA mit Bel I-

Restriktionsendonuklease, um DNA-Frag-

mente zu bilden;

(c) Konstruieren eines pBR328-abgeleiteten

Klonierungsvektors, welcher Sfi l-Stellen

enthalt;

(d) Ligieren der Fragmente in den rekom-

binanten Klonierungsvektor, um eine DNA-

Mischung zu bilden;

(e) Transformieren einer Wirtszelle mit der

DNA-Mischung aus Schritt (c) und Kultivie-

ren bei 37 • C, um eine Bibliothek zu bilden;

(f) Isolieren von Klonen, welche das Sfi I-

Modifikationsmethylasegen enthalten

;

(g) Screening von Klonen, welche das Sfi I-

Modifikationsmethylasegen enthalten und

Isolieren von Klonen, welche das Sfi l-Re-

sthktionsendonukleasegen enthalten;

(h) Oberexprimieren des Sfi l-Restriktionsen-

donukleasegenes, so daB das Gen in E. coli

funktionieren kann.

(i) Kultivieren der Wirtszellen, welche die

Klone des Schrittes (h) enthalten; und

(j) Wiedergewinnen von Sfi l-Restriktionsen-

donuklease aus der Kultur.

12. Das Verfahren nach Anspruch 11, worin der

Klonierungsvektor ein Plasmid Oder ein virales

DNA-Molekul ist.

13. Das Verfahren nach Anspruch 12, worin das

Plasmid pEV328-8-6 (ATCC Nr. 68217) ist.

100 B1 30

Revendlcations

1. Segment d'ADN isole pouvant etre obtenu a

partir de S. fimbriatrus ATCC N w 15051, qui

5 code pour le gene d'endonuclease de restric-

tion Sfil.

2. Segment d'ADN suivant la revendication 1,

comprenant en outre un ADN qui code pour le

70 gene de m£thylase Sfil.

3. Vecteur contenant le segment d'ADN suivant la

revendication 1 ou 2.

75 4. Hote microbien transforme par le vecteur sui-

vant la revendication 3.

5. Procede pour le clonage d'un gene d'endonu-

clease de restriction Sfil, qui comprend :

20 (a) la formation d'une banque Bell a partir

d'ADN genomique provenant de S. fimbria-

tus , au moyen d'un vecteur derive de

pBR328 et en utilisant une temperature de

culture de 37 *C ;

25 (b) I'isolement de clones qui contiennent le

gene codant pour la methylase de modifica-

tion Sfil
;

(c) la determination des fragments qui por-

tent le gene de methylase et I'ADN adjacent

30 au gene de methylase ; et le clonage de

ces fragments ;

(d) la purification de la proteine consistant

en l'endonucl6ase de restriction et du s£-

quengage des premiers residus d'aminoaci-

35 des ; la construction d'une sonde d'ADN

basee sur la sequence ;

(e) la determination des clones de methyla-

se qui portent egalement le gene d'endonu-

clease de restriction par identification de

40 ceux qui s'hybrident a la sonde de (d) et

qui portent un segment d'au moins 1 kb de

chaque cote de I'emplacement d'hybrida-

tion ;

(f) le sequengage de I'ADN de la region du

45 gene R-M et, en association avec les resul-

tats de cartographie et de deletion de T6ta-

pe (c), la determination d'un procede pour

la surexpression du gene de restriction.

so 6. Procede suivant la revendication 5, dans la-

quelle la banque est formee par les etapes :

(a) de construction d'un vecteur de clonage

contenant des sites Sfil ;

(b) de purification de I'ADN de S. fimbriatus

55 ;

(c) de digestion de I'ADN purifie* pour for-

mer des fragments d'ADN
;
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7.

(d) de ligation des fragments dans un vec-

teur de clonage ;

(e) de transformation d'une cellule note

avec le vecteur de clonage recombinant de

I'etape (b) pour former une banque de cellu-

les ; et

(f) de purification de vecteurs recombinants

a partir de la banque de cellules pour for-

mer une banque de plasmides.

Proc£d§ suivant la revendication 6, dans lequel

le vecteur de clonage est le vecteur pEV328-8-

6 (ATTC N* 68217).

70

(i) la culture des cellules hotes contenant

les clones de I'etape (h) ; et

0) Textraction de Tendonuclease de restric-

tion Sfil de la culture.

12. Procede suivant la revendication 11, dans le-

quel le vecteur de clonage est un plasmide ou

une molecule d'ADN viral.

13. Proc6d§ suivant la revendication 12, dans le-

quel le plasmide est le plasmide pZC328-8-6

(ATCC N* 6827>).

8. Procede suivant la revendication 6, dans lequel

I'hote microbien est une souche de E. coli qui

est hsdR".

15

9. Procede suivant la revendication 7, dans lequel

le clone contenant le g&ne de modification Sfil 20

est isole en soumettant a une electrophorese

la banque de plasmides et en purifiant seule-

ment les vecteurs recombinants a partir du

gel, en dig^rant la banque de plasmides puri-

fiee sur gel avec Sfil pour former un ensemble 25

de produits de digestion, en transformant I'en-

semble de produits de digestion dans un note

microbien et en selectionnant les clones conte-

nant le gene de modification.

30

10. Procede pour la production de I'endonuclease

de restriction Sfil, qui comprend I'expression

du g£ne suivant la revendication 1 ou 2.

11. Procede pour la production de I'endonuclease 35

de restriction Sfil, comprenant

:

(a) la purification de I'ADN de S. fimbriatus .

(b) la digestion de I'ADN purifie avec I'endo-

nuclease de restriction Bell pour former des

fragments d'ADN ; 40

(c) la construction d'un vecteur de clonage

derive de PBR328, contenant des sites Sfil
;

(d) la ligation des fragments dans le vecteur

de clonage recombinant pour former un me-

lange d'ADN ; 45

(e) la transformation d'une cellule note avec

le melange d'ADN de I'etape (c) et la cultu-

re a 37 • C pour former une banque
;

(f) Tisolement des clones qui contiennent le

g£ne de m§thylase de modification Sfil ; 50

(g) la selection des clones contenant le

gene de methylase de modification Sfil,

Tisolement des clones qui contiennent le

gene d'endonuclease de restriction Sfil ;

(h) la surexpression du gene d'endonuclea- 55

se de restriction Sfil de telle sorte que le

gene puisse etre fonctionnel dans E. coli.
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Propagate cells containing clone in fermentor, harvest cells, lyse cells
>

Isolate Sfi I restriction endonuclease by series of chromatography steps

i

| Purified Sfi I Restriction endonuclease
|

FIG. 1A

18



EP 0 437 100 B1

Streptomyces^tmbriatus cells construct pEV328-8-6

IStreptomyces fimbriatus DNAl IpEV328-8-6 DNA l

t t

6c/ 1 digest
earn HI digest,

dephosphorylate

1 Hgate, transform RR I on amp 1

;?)! library
|

I Plasmid library 1

R.S/7 1 purchased from ^
New England Biolabs ^ 50 1 digest, transform RR 1 on cm

[Individual survivors I

Identify 5/7 I- modified plasmids

HZD methvlase clonel

Overexpress restriction gene based on 5/7 I cloning

data published by l^ew England Biolabs

15/7 I restriction endonuclease clone 1

I

Propagate cells containing clone in fermentor, harvest and lyse cells

isolate 5fi I restriction endonuclease by a series of chromatography steps

t

I Purified 5/7 I restriction endonucleasel

FIG. 1B
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Sfil (formerly Sspl)

PEV328-8-6 Is a derivative of pBR328. It has an Sfil linker

(GGCCGCa/tGCGGCC) inserted at the PBR328 EcoRV site and at

the first pBR328 Sspl site. It is cm resistant, ap resistant,

and tc sensitive.

FIG. 2
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a
ul column fraction/
ug pEV328-8-6 DNA:

«J« f-l o

sril Methylase Assay on pEV612-16

250 ul of 50ug/ml pEV328-8-6 was prepared in lx methylase
buffer (50raM Tris, pH7.5, lOmM EDTA, 5mM BME r O.lmM
AdoMet) . 50ul was placed in each of 4 tubes. 25ul was placed
in each of two tubes, to be used as controls, lul of column
fraction was added to the first 50ul tube and mixed. 25ul was

transferred to the 2nd 50ul tube and mixed. 25ul from the 2nd
50ul tube was transferred to the 3rd 50ul tube and mixed, and
then 25ul from the 3rd 50ul tube was transferred to the 4th

50ul tube and mixed. All tubes were incubated at 37'C for one

hour. 250ul of the following mix was prepared: 50mM Tris,

pH8.0, 40mM MgC12, 5mM BME, 200units Sfil endonuclease . An
equal volume of this mixture was added to each tube (except for

the uncut pEV328-8-6 control tube) and incubated for one hour at

50 ? C. 25ul from each tube was analyzed by gel electrophoresis
(gel photograph above)

.

FIG. 5
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